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Objective: We postulated that ligation of a consistent perforating venous branch at the elbow would improve distention
and flow in the superficial veins about the elbow. This would also lesson the likelihood of arterial steal enabling a
favorable outcome following a brachial artery medial antecubital or cephalic vein arterio-venous fistula (AVF).
Methods: Pressure measurements were made from the radial artery after side-to-side brachial artery antecubital or cephalic
vein AVF in 20 patients. Clamping of the perforating vein increased radial artery pressure significantly indicating that a
considerable amount of flow from the side-to-side AVF was diverted into the deep system and away from the accessible
superficial veins. Encouraged by this finding, we studied the outcome of brachial cephalic or brachial antecubital AVF
with ligation of the deep branch in 134 patients who were not candidates for radio-cephalic AVF. The end point of the
study was successful hemodialysis using the fistula.
Results: Of the 134 patients treated, 24 died, and 11 were lost to follow-up and were censored from analysis of fistula
performance at that time point. The primary fistula success rate was 89.7%  2.66% and 83.7%  3.5% at 1 and 2 years
by life table analysis. No patient developed significant arterial steal or venous hypertension.
Conclusion:We recommend this simple one-stage procedure for patients requiring hemodialysis whose cephalic vein at the
wrist is unsuitable. ( J Vasc Surg 2008;47:1274-8.)More than 15,000 persons suffer from end stage renal
disease (ESRD) in Iran and the number of new ESRD
patients is 3175 per year for an occurrence of 53 patients
per million population per year.1 These patients all require
vascular access for hemodialysis, and problems with creat-
ing and repairing failing access procedures has led to in-
creasing hospitalization and costs world wide.2-7 Vascular
access can be achieved by the connection of an artery to a
vein, either directly (autologous fistula) or by using a
synthetic graft.7,8 It is the current consensus that the autol-
ogous fistulas are more durable, and grafts are used in the
absence of good veins.7 The principle site for creating an
arterio-venous fistula (AVF) remains the wrist.8 However,
with increasing numbers of elderly, obese, diabetic, and
very ill patients, the distal veins are often inadequate man-
dating alternative vascular access configurations.
The side-side elbow fistula offers an alternative surgical
option, but it can be complicated by failure of the veins
around the elbow to dilate enough to guarantee the place-
ment of two needles. An arterial steal may develop if the
outflow is too high, or marked swelling of the hand may
develop if the outflow is poor.9,10 We reasoned that the
side-side anastomosis would provide for maximal venous
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1274dilatation around the elbow as we encountered some pa-
tients with side-to-side elbow brachiocephalic AVFs who
were referred to our center because of marked venous
enlargement. A significant proportion of such patients had
the complications of arm swelling, or, more seriously, isch-
emic symptoms caused by arterial steal. At operation to
treat the steal, we found by Doppler evaluation that there
was markedly increased blood flow in an enlarged perforat-
ing vein at the elbow. Accordingly, we decided to test the
hypothesis that ligation of the perforator vein would in-
crease pressure and thereby distention of the superficial
veins of the forearm while diminishing the likelihood of
arterial steal by limiting flow in the deep veins. We chose
first to study the hemodynamic effects of ligation of a
consistent perforating vein, and second, to apply ligation of
the perforator prospectively in the creation of 134 elbow
side-to-side AVFs.
MATERIAL AND METHODS
Patients. Between April 2004 and July 2005, 20 pa-
tients who were candidates for upper arm arteriovenous
fistula at Sina Hospital, Tehran University of Medical Sci-
ences, were enrolled in the hemodynamic study. All pa-
tients signed a consent form approved by the local institu-
tional human research committee, and this study was
performed in accordance with the ethical standards laid
down in the 1964 Declaration of Helsinki.11
A new group of 134 patients entered the phase of
clinical application. These patients were selected on the
basis of having an inadequate cephalic vein at the wrist, and
good veins at the elbow judged by clinical or duplex eval-
uation. The fistula site was always chosen contralateral to
existing or previously placed dual lumen catheters. Duplex
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about the size, position, or suitability of the veins. A scoring
system was not used, but all patients had a median antecu-
bital or cephalic vein greater than 3 mm by clinical or
duplex examination. Of the patients who were candidates
for this procedure, 80% were found to have suitable veins
and anatomy. We recorded demographic data (Table I),
including a history of previous AVF or dual lumen catheter,
and comorbidities including congestive heart failure
(CHF), hypertension (HTN), and diabetes (DM).
Hemodynamic studies. In the group of patient stud-
ied hemodynamically, the veins of the elbow were dissected
and exposed for clamping. The radial artery was cannulated
with a 20 gauge catheter connected to a transducer. Mean
pressures were recorded after completing the anastomosis
(see below) and temporarily occluding the perforating and
other significant veins (Fig 1).
Surgical technique. Local infiltration anesthesia was
used in all cases. The standard operation consisted of mak-
ing an oblique incision about 2 cm long 1 cm distal to
antecubital crease and parallel andmedial to brachial artery.
Obesity and the requirement to use a deeply situated bra-
chial artery or cephalic vein necessitated a longer incision
and sometimes a transverse incision. The median antecubi-
tal vein was identified and dissected distally to the conflu-
ence of median antecubital vein and cephalic vein. Most
often, the perforating vein arose at the junction of median
antecubital vein and cephalic vein (Fig 2). Less commonly,
it arose from the median antecubital vein near this conflu-
ence or from the cephalic vein just distal to this confluence.
The brachial artery was exposed deep to the median ante-
cubital vein. An appropriate length of the artery, about 1.5
cm, was dissected and controlled. A 6 mm longitudinal
incision was made in the artery and the neighboring vein.
(Fig 3). The side-to-side anastomosis was constructed us-
ing continuous 6-0 polypropylene sutures. No attempts
were made to disrupt venous valves distal to the anastomo-
sis. While we have ligated the proximal basilic vein to
increase distension distally, this was not done in the patients
reported in this series.
End points. The primary access functional patency of
the AVF was the major end point of the clinical study.12,13
Function was defined as the ability to perform hemodialysis
with two needles and a dialysis blood flow of at least 350
Table I. Comorbidities in the 134 patients needing
hemodialysis
Comorbidities N %
CHF 12 9%
Hypertension 71 53%
Diabetes 38 28%
History of previous AVF 43 32%
History of previous dual lumen catheter 61 49%
Stenosis of subclavian vein 1 1%
CHF, congestive heart failure; AVF, arterio-venous fistula.ml/min in at least five dialysis sessions the past month.Other end points were venous hypertension, graded none,
mild (rings are too tight), and severe (throbbing pain,
elastic support needed); and steal syndrome graded, none,
mild (paresthesias), moderate (arm cramping with exer-
cise), and severe (poorly palpable radial pulse and pain
requiring revision). The presence of infection was also
noted. The effect of comorbities on survival was assessed
statistically using the Fisher exact test.
RESULTS
Hemodynamic data. Of the 20 patients studied, 15
weremen and eight were older than 50 years. Eight patients
had severe hypertension and six were diabetic. There were
14 patients with a basilic vein greater than 5 mm in diam-
eter, and 13 patients with a cephalic vein greater than 5mm
in diameter. Before the creation of the fistula, the mean
radial artery pressure in our group of patients was very high
at 126 mm Hg. The pressure decreased to 92.5 mm Hg
after the creation of fistula (Table II). Occlusion of the
cephalic or basilic veins individually raised the radial artery
pressure, to 102 and 108 mm Hg, respectively. Occlusion
of the perforating vein had an equivalent effect raising the
pressure to 109 mmHg. On an individual basis, perforator
vein occlusion caused impressive radial artery pressure ele-
vations in all but one patient. (Fig 4)
Clinical outcome. The 134 patients were equally di-
vided between male and female. The mean age was 53.4
16.7 and ranged between 13 and 83 years. Twenty-four
percent of the fistulas were created in patients 65 years of
age or older. Comorbidities (Table I) included diabetes in
28%, previous radial-cephalic AVF in 32%, and dual lumen
catheter in the internal jugular or subclavian veins in 49%.
Contralateral subclavian vein stenosis was present in one
patient.
The 1- and 2-year primary functional patency rates
were 90%  2.66% and 84%  3.5%, respectively, by life
table analysis (Fig 5). Twenty-four patients died and 11
were lost to follow-up and were censored at the time of
these events. The causes of death are listed in Table III and
were not related to the surgery. Male gender (P  .05),
diabetes (P  .05), and hypertension (P  .05) were
associated with death on univariate analysis.
The complications of the procedure are listed in Table
IV. Thrombosis of the AVF occurred at various times after
the procedure in 13 patients. An additional six patients did
not have functional fistulas allowing puncture by two nee-
dles or lacked sufficient flow. Infection occurred in one
patient. Mild venous hypertension and mild steal each
occurred in 12 patients. No patient had symptoms severe
enough to require revision of the fistula.
DISCUSSION
Most surgeons caring for patients requiring hemodial-
ysis would perform a distal radial artery-cephalic vein
AVF7-10 as their first choice provided the cephalic vein was
acceptable. However, all too commonly the cephalic vein at
the wrist is too small or is thrombosed as a consequence of
previous intravenous therapy. Further, reported outcomes
JOURNAL OF VASCULAR SURGERY
June 20081276 Moini et alare disappointing. A report using meta-analysis revealed
that 15% of the wrist fistulas never functioned, and the
mean primary functional success rate was 63% at 1 year that
improved to 66% with secondary procedures.13 There was
significant heterogeneity between the centers reporting
results indicative of wide ranges in the rates of success. In a
second current meta-analysis study, the weighted mean 1-
Fig 1. These sketches illustrate in a left arm the areas of
the right. The radial artery pressure was measured after c
and D, both basilic and perforating veins.
Fig 2. This is an operative photograph showing the location of
the incision on the left arm and the early venous dissection. The
wrist is to the right. Note the small size of the incision which was
possible in this thin arm. When the veins and artery are deeper or
when the cephalic vein is used for the anastomosis, the incision
must be larger or made transversely. The perforating vein is found
by dissecting the confluence of the medial antecubital vein, run-
ning medially (to the bottom of the photograph), and the cephalic
vein running superiorly. The perforating vein is marked x.and 2-year primary functional success rates of distal radialcephalic vein fistulas for patients less than 65 years of age
were 57% and 45%, respectively.14 In elderly patients, the
patency rates were worse than the patients under the age of
65. Secondary procedures increased the 1-year patency rate
to 66% in younger patients. By contrast, secondary patency
at 1-year was achieved in 82% in patients with elbow
configurations.
It is noteworthy that others have made use of the
perforating vein at the elbow, connecting it end to side to
the brachial or radial artery. By doing this, they also di-
verted flow from the deep veins into the superficial ones.
us occlusion in the hemodynamic studies. The wrist is to
ng: A, cephalic vein; B, basilic vein; C, perforating vein;
Fig 3. This operative photograph shows the size of the venotomy
and arteriotomy. The brachial artery, which is toward the bottom
of the figure, is readily accessible in this patient. The perforating
vein has been ligated. The side-to-side anastomosis is accom-
plished with a simple running 6-0 polypropylene suture.veno
lampiThe initial series, published 30 years ago,15 lacks some of
free fl
tflow
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results in 40 patients, we can calculate a functional patency
rate of 86% at 2 years. The results of this procedure in
contemporary times are less encouraging with 47% and 43%
primary patency rates at 1 and 2 years, respectively.16
The excellent outcome of radial artery AVFs close to
the elbow was reported more recently by Jennings.17 He
disrupted the venous valves distal to the anastomosis to
augment retrograde flow into the forearm distal to a side-
side radial artery median antecubital vein anastomosis. He
did not occlude the perforator vein. Of the 105 patients
treated, two patients had steal symptoms, and three pa-
tients had swelling requiring treatment. The primary and
the assisted patency rates were 91% and 97% at 1 year
providing a benchmark for surgeons involved in AV access.
When the veins about the elbow were poor, the same
author used the brachial artery for side-side or end-to-side
anastomoses with the transposed basilic or cephalic veins 18,19
in the upper arm. Primary patency was 74% and assisted
patency was 90% to 100%. In a recent review,19 of brachial
artery basilic vein AVFs, the 1-year primary and secondary
patency rates were 72% and 76%, respectively, and complica-
tions including hematoma, thrombosis, steal, aneurysm, and
Fig 4. The vertical lines represent the changes in mean radial
artery pressure before and after occlusion of the perforating vein.
Note that, with one exception, there was a significant increase in
radial artery pressure following occlusion of the perforating vein.
Table II. Measurement of radial artery blood pressure aft
Mean radial artery blood pressure (mm Hg)
Before creation of AVF
After creation of AVF
After creation of AVF and clamping of cephalic vein
After creation of AVF and clamping of basilic vein
After creation of AVF and clamping of Perforating vein
After creation of AVF and clamping of basilic vein and perforating
The differences resulting from any individual venous outflow occlusion and
ligation of the perforator vein had effects similar to ligation of the major ouswelling occurred in 20% of the patients.These results and those we report here support the use
of the veins of the elbow for hemodialysis access. The
modification we describe of ligating the perforating vein,
while simple, is also novel. The outcome of well con-
structed elbow fistulas is superior to procedures done in the
upper arm perhaps because the elbow fistulas commonly
mature to dilate a nest of veins suitable for puncture
whereas the transposed upper arm fistulas rely on just one
vein. An errant puncture can result in thrombosis or false
aneurysm. Further, the procedure we used is technically
simple, requires only local anesthesia, avoids twists and
kinks in a transposed vein, and is accomplished in one stage.
Our primary functional success rates of 90% and 84% at 1
and 2 years compare favorably with the best outcomes
reported by others.
While secondary procedures are essential in some pa-
tients, and assisted patency outcome is important, we be-
lieve it is also important to emphasize that these secondary
procedures are hard to accomplish when resources are
limited, expensive,7 and worrisome for the patient. The
function of upper arm AV grafts can equal autochthonous
venous fistulas but the frequency of secondary procedures
to maintain patency is six times greater.7 In this study, the
principle objective of treatment was to perform a procedure
that worked well the first time. This provided assurance that
hemodialysis, essential for survival, was readily achieved.
We did not disrupt the distal venous valves to promote flow
in the distal forearm because it seemed that the distal veins
Fig 5. Primary access functional success over time by life table
analysis. Note that 90% of patients were dialyzed successfully at 12
months and 84% at 2 years without the need for revision.
rious maneuvers
Mean  SD Range
126  24 190-80
92.5  28 175-68
102  27 178-70
108  26 180-72
109  26 190-80
117  25 180-85
ow were significant (P  .001) applying the t test for pairs. Note that the
veins.er va
veindilated in the majority of our patients. However, there were
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needles for dialysis. In the event the veins about the elbow
do not distend well distally after the fistula is opened, the
judicious passing of a 2 mm dilator distally to disrupt 1 to 2
valves is indicated to provide more sites for two needle
insertion. We conclude that ligation of the perforating vein
to cause a higher venous pressure in the accessible superfi-
cial veins of the elbow provides an adequate number of sites
available for puncture for hemodialysis in the great majority
of patients. Employing this adjunct primary functional pa-
tency is good, multiple superficial veins dilate, and the
complications of venous hypertension and arterial steal are
rare.
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Table III. Causes of death
Cause of death Number
Cerebro-vascular accident 8
Cardiac problems 7
Systemic infection 4
Malignancy 2
Pneumonia 1
Acute abdomen 1
Hepatic encephalopathy 1
Table IV. Complications
Complications Number
AVF failure 2 y 19
Infection 1
Steal syndrome-mild 12
Venous hypertension-mild 12Overall responsibility: MMREFERENCES
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